Activin A stimulates vascular endothelial growth factor gene transcription in human hepatocellular carcinoma cells.
Up-regulation of vascular endothelial growth factor is known to play a critical role in hepatocellular tumor biology. In an attempt to identify factors responsible for vascular endothelial growth factor induction in human hepatocellular carcinoma, we evaluated the effects of activin A, a member of the transforming growth factor-beta cytokine superfamily, on vascular endothelial growth factor gene expression. Expression of vascular endothelial growth factor, activin A, and its receptors was analyzed by immunohistochemistry, polymerase chain reaction, and enzyme-linked immunosorbent assay. Functional vascular endothelial growth factor promoter analysis and gel shift assays were performed to define minimal promoter requirements and potential transcription factors. Nuclear expression and biochemical modifications of Sp1, as well as subcellular distribution, expression, and physical interaction of Smad proteins with Sp1, were assessed with immunoprecipitation and Western blot analysis. Hepatocellular carcinoma tumors and cell lines expressed activin A and its receptors. Activin A stimulated vascular endothelial growth factor gene transcription through Sp1-dependent induction of vascular endothelial growth factor promoter activity. Furthermore, activin A stimulated the DNA-binding and transactivation potential of Sp1. Immunoprecipitation showed activin A-dependent nuclear translocation of Smad2 and induction of Sp1/Smad2 interaction. The functional relevance of Sp1/Smad2 interaction was confirmed by transient transfection experiments, which showed that overexpression of Smad2 increased vascular endothelial growth factor promoter activity and endogenous vascular endothelial growth factor protein expression, whereas dominant negative Smad2 blocked activin A responsiveness. This study identifies activin A as a novel stimulus of vascular endothelial growth factor gene expression in hepatocellular carcinoma and delineates physical and functional cooperation of Sp1 and Smad2 as the underlying mechanism.